Résumé. - 
3He, dans des situations où la pression de There is currently an active interest in phase transitions in spin-polarized 3He. Several groups [1, 2] have recently obtained interesting results on the solid-liquid transition, using the polarization method proposed by Castaing and Nozi6res [3] . The results might indicate the existence of a metamagnetic transition (or near metamagnetic transition), as suggested by B. Castaing [4] and by K. Bedell and C. Sanchez-Castro [5] . Such a transition could also have an important effect on the superfluid properties of the liquid [6] .
In the present article, we study another transition which takes place at lower pressures, the liquid-gas transition. Gaseous 3He can be strongly polarized by laser optical pumping [7] , but also cooled down and condensed to form liquid 3He t , which should allow studying the effects of the nuclear polarization on the saturating vapour pressure. These effects are non-trivial [8] : for example, the nuclear polarizations of the two phases at equilibrium can be significantly different, because particle indistinguishability effects are more important in the (denser) liquid phase than in (dilute) gas phase. Liquefaction experiments of this type are in progress at the Ecole Normale [9] . Experimental data would give access to physical quantities which depend on many body effects and are difficult to calculate, such as the change of the binding energy of the liquid under the effect of spin polarization. Moreover, they might also reveal the existence of a metamagnetic transition in the liquid phase, as we see in more detail below.
To study these problems, in the present article we use a simplified model already employed for investigating the thermodynamical properties of asymmetrical nuclear matter [10] . In a nucleus, the asymmetry (difference between the number of neutrons and protons) plays the role of spin polarization (difference between the number of spin up and spin down particles) in 3He system ; asymmetrical nuclear matter occurs in several important problems in astrophysics [11] . The model is based on the use of a Skyrme interaction [12] in the framework of a mean-field approach [13, 14] . It is also employed in a joined article [15] (hereafter referred to as BPS) on the liquid-gas transition in unpolarized 3He.
1. General framework. [16] , hours or even days in the gas phase [17] ). An give respectively the two magnetizations M1 and M2 of the liquid and gas in equilibrium. When P varies at constant T, one obtains the equilibrium diagram in figure (b).
ROLE OF MAGNETIC SUSCEPTIBILITIES (*).
The Gibbs-Duhem relation gives (with obvious notation). In terms of magnetic susceptibilities and effective field B, the dependence of the pressure P on M at constant T is therefore given by :
This relation shows that the crucial physical quantity which determines the shape of the equilibrium diagrams is the difference XL -XG as a function of M (or B).
For an ideal non degenerate gas, the function X is very simple :
This gives a good approximation of X G, except near the critical point where the gas is relatively dense. On the other hand, X (M ) is not known for the liquid phase and one has to resort to various approximations to calculate the M dependence (see for example the discussions in [3, [20] [21] [22] [23] [24] [25] figure 2b . Equation (llb) can be further simplified when one notices that at low temperatures VL vG and that the gas in equilibrium with the liquid is non degenerate (P vG = kT). One can then write :
where we have used xG = 9 n 2IkT. Equation (lld) predicts AP/P = 0.9 x 10 -4 at T = 0. 5 K and (*) See [18, 19] for similar discussion in the context of solid-liquid equilibrium.
AP/P = 0.06 x 10-4 at T = 1 K if a magnetic field of 20 T is applied to the system (MG =1.5 %).
On the other hand, we know from the discussion of section 1.1 that the equilibrium pressure P (M = 1) may in some cases be smaller than for Finally, we note that if P t P o implies necessarily the existence of a polarized azeotropic point, the converse is not true : such non-zero M azeotropic points may also occur when T T* (Fig. 4) (Fig. (a) ), corresponding effective field (Fig. (b) figure 2 , when P decreases, a situation such that shown in figure 6a will occur : at some value of P, the common tangent to both g curves will be the line AB which is tangent to gL in two points, A figure 7a (moustache with plateaus), the second in figure 7b (a curve that we nicknamed « diavolo »). In figure 7, [33] . Table I shows that bo then depends only weakly on T, as could be expected from the quality of the result obtained in BPS for the saturating pressure.
We have seen in section 1 that the magnetic susceptibility X plays a crucial role in the problem studied here. We therefore wish to reproduce precisely the corresponding experimental values. Within the frame of our model, the value of X is given by (16) and (19) are computed exactly, by calculating the Fermi integrals that enter their definitions [35] . This is crucial since we wish to describe a wide spectrum of situations ranging from the classical regime in the gas (low density) to the degenerate limit in the liquid (high density).
2.2 PHASE TRANSITIONS. -Simple as it might seem, the free energy functional of equation (16) [8] based on the theory of corresponding states improved to account for the effects of statistics [38] . Table II. Let us now discuss the results for the partially polarized system. As seen in the previous sections, a key quantity, which characterizes the structure of the liquid-gas phase transition as well as of the possible metamagnetic transition, is the magnetic susceptibility x. In figure 9a and Fig. 12 ), in opposition to the case p o t = po and po t = 0.95 p o.
Conclusion.
The phenomenological model used in this article gives interesting predictions in several cases, and shows that the binding energy of the fully polarized phase plays a crucial role in determining the polarized liquid-gas equilibrium curves of partially polarized 3He. Even if this binding energy were known precisely, which might be the case with the impressive progress made in recent variational calculations [37] , one should keep in mind that our model remains phenomenological: it is based on assumption that equation (17) gives a good approximation of the effects of interaction on the free energy of the system. Such a simple M2 and M4 interpolation is (Fig. a) , T = 0.35 K (Fig. b) and T = 0.4 K (Fig. c) Fig. 5a ), the figure 11c shows how « near metamagnetism » could play an important role, as pointed out in [5] . One could imagine purely thermal overpolarization methods taking advantage of the particular shape of these diagrams.
Note added in proof : phase diagrams corresponding to Eo t = -2.3 K can be found in Ref. [39] .
